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PREFACE

This report %vas prepared by Dr. Debra A Meese. Research Physical Scientist.and John V. Govom. Physical S.tent Technician. of the Snon o

Ice Branch. Research Division. U.S. Army Cold Regions Research and Engineering Laboratory and V\adumtr Chumn. Bons Ivano VI\at

Komarovskiy. Vastly Shdnikov and Andre Zachek of the Arctic and Antarctic Insitite in Leningrad Thc data for this reponrte i ied ia W
the Winter Weddell Gym Study- 89 tWWGS-89) from the Soviet icebreaker Akademil Fed'roi The authors thank the Chief SuLentist \,k
Bagnantse.. the captain and the crew of the Fedoros. Special thanks go to the ice scieotists from the Arcti. and Antarcti. Insutin tn
their support and for providing copies of their ice maps for this report.

Weekly ice extent maps u ere provided by the Naval Polar Oceanography Center. Department of the Navy IC

This research . as supported by the National Science Foundation through grant DPP#85 12728.

The contents of this report are not to be used for advertising or promotional purposes Citation of brand names does not consttute ini ,
endorsement or approval of the use of such commercial products. ti
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Sea Ice Observations From the Winter Weddell Gyre Study-'89

DEBRA A MEESE, JOHN W GOVMN, VLADIMIR CHJURUN. BORIS IVANOV,
VICrOR KONIAROVSKIY. VASILY SHILNIKOV AND ANDRE ZACHEK

INTRODUCTION 18 September 1989 (day 261)

The data for this report were obtaned durntg the Wtnter Weddell Gyre Study-'89 (WWGS-89) 0921 houis
from the Sovtet icebreaker Akademtk Fedoro. Tlis study took place between September and
November 1989 in the Weddell Sea. Antarctica Several ttmes each day throughout tse. cruise, we 58' 53 53'S, 36' 07 97WX
took notes on the tee conditions that the ship was passtng through at that time These notes included Headittg 213 7
tee concentration, thickntess, ice type, anmount of ridging. number of icebergs in the area and other No ice vtsible yet
distinguishing chareisltics. Inaddition. photos of the area were taken and are included in the next
sectin. 1833 hours

During the cruise a Soviet ice scientist was stat.oned on the bliage 24 hours a day to compile
detatled iceohsetvaiton maps These maps contain informsationtforevery mile ofice tatwas passed Still so [ccICe eLdge appeal ,u icc icatiofdSei thusan aic XL 11
throughtdiing the crutse, includingtiethckntess, type and concentratton, icebetg se,ntnbernd beguntcutlecting uaiei sipl, aii lic ifaccSO5 aisd 100 wdcpi

type, aid the extent and size of leads. A followiiig section consists of copies of their naps major ton analyses
Every 30-60 miles during the cruise we would stop for an ice station where ice cores and wvater

sanmples were taken for physical and chemical studies, ice thickness grids were drilled, and optical 2300 hours
measurements were made At each site Dr Shilnikov from the Arctic and Ataructic lInstitute
compiled an ice map of the station, including wind direction and speed, air teinpetature, ice type, 580 48 34'S, 35 W
ice thtckoesand other characteritics ofibe area 'optes ofilese maps are founidin inithe1,e Staion fliiice edge No pauako liehis i~ihle thin e i5-3ocus iiisk
Mfops section

Also preseei heir aic daily satellite phutus of ihe area ib5, chip was Ouiscisiiig Thioughoul tic 19 Septembher 1989 WDa3 2o2)d 090(0 hours
cruise these photos provided the ship'screw with informsation regarding ice conditions that the ship
would be encountering 6059 54,331 36 71'W

The final sectioni consists of weekly ice extent maips of the W~eddell Sea obtained lions the Hleading 131
National OLcensogiaphic and Atmospheli Administiaaio kNOAA; upon out itum to ihe UJ S 

9
OVc -icCcoiiiiuioi -. )11 ilc,liic,d~ icc W11 oliciiilico

This iepoitconiaiusacomplete obseivaional analysis of the iceconditiunseiicouneddiiing 60 ciii thick Alga, in all ioi-La &c ii-s iv ilic souw1 "ic
this study in the Weddell Sea

ICE LOG AND PHIOTOGRAPHIS

17 September 1989 (dn5 260) 1100 hours

57020 66'S 370 20 67W

Heading 159
Pttist icebergs visible

#*

~~ t ~lot

Z'~s~ ws tr

.. ~ : j: ~ - 5O.4o

Figure I Tahulu, uehserg on 17 Septembher I' tio,2 ,,,'',~, ~ 6
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24 Septembher 1989 (day 267?

-~P.enlration (50-I50cm). 5% open ssater. 5% thin. 67^ 26 000 S. 20r 590 (MV
Spr, ent1 ini lsstcm Ia~ers of thicker ice Some of the "%~ concenrsation So~me mail id,, h 11, (Is mjnatt hi NOt crn ( oinig into area of

, 0 s)m thick leas ridging



M--7

Figure 7. Sm,aI ridges on 24 September. Figure 9. Ice concentraion of 70% on 25 Se

25 September 1989 (da) 268)
26 September 1989 (day 269) 1130 hours

1300 hours
67- 4 LSXS, 17- 13 99' W

67*517 I'S. I S*4775W 100% ice concentration Snow 10-20 cm. ice 40-50 cm Some rid

I00% conentration. 5-10 em snowe. 40-50 em ice. Fairly heavy ridging. Snow and ice thickness

increasing to approxinmately c07 m ice and 40 cm snow ) cm
27 September 1989 (day 270) and .

0900 hours

67' 1 &075. 14' 58 70 WY
95% concentration. Floes are approximatety I km wiith ridging inb
cm to I mn of ice Liite visible algae

Figure 8 Ice concentration of 100% 00 25 Septemiber6
'ra,

1700 hours

67' 50 24'S, IS* 23 98W
70% onsentraition 20%ncssicddsI0-20%brcccii 10-20Lm snow ind O--60 mij~e 4O%ridges figuir 10 hr ~oteaiao, 495 e jhi~,hl~ w

bce



I ridges on 24 September. Figure 9 Ice concentration of 70% on 215 September.

26 September 1989 (day 269) 1130 hours

67* 4182' . 17* 1399W W
100% ice concentration Snowr 10-20 cm, ice 40-50 cm Some ridged areas

cm ice Fairly heavy ridging Sno% and ice thickness
and 40 cm snow.

27 September 1989 (day 270)

0900 hours

67o 1807S, 14o 58 70 WV
95% concentration Floes aeapproximately I kinwith ridging inbetwcen l0-hWcmsnowand 10
cm to I mn of ice Little visible algae

taion of 100% on 25 September

eia I0-20cmsnownd O-6Ormirc 40% ridges Figivc 10 Ice iavr.',muan qj YS, ot idiges beuosenfloca on 27 Setembei

IU



Il0t-s 9 Seplcrtber 19S9 (day 2721
1515 hours

6r 07.91 S. 130.12 W
98% coeitrz-in. Snow is 20-40 cra. ice is 50 cm to I m. Heavily rided %L Newly foici1 66 19.oW S.07 40.15' W

pxcakes in lead. lke is 6-FO cm rith 0-20 cm of snow. Litle visible algae. Folio

cm erd r.dgeti.

Ftgure 11 Newlyfomed pancakes in lead on 27 September I M

Figure 13 Fallon ing lead ot, 2
(' 
5

1940 hours

660 10 48' S, 060 44 36 W
Concentrfation' is 80% Ice is 50 emn to I mn thi,. ;O 1, n ,J,

• 30 September 1989 (day 273)

.' 0954 hours

- - -.,. . 65 59 88' S, 04 54 78' W
, . . .. _ Icle concentlration is 60"7 thick ice NXll ejad, ,2 kO g o,l,I

qi ' .. . = . ,-'- Lflocs are 50 cmn to I mn with 20-30Ocm ot now tO -t'. il J

Figure 12 Htem ily ridged area on 27 September d

28 September 1989 (day 271) _

0845 u . -

66g 52 tOa S, 11id 27 94a2Wd n, etme

vFsble algaei 13o.. .. lead as 2" '

1820 hourso

66S 38 21'S, 10 11 14'W

99%concentration Snowisapproximately20-30ccthtckoand the ice% sc60-70cm Ne0tIfirst-yearct

ice 25c ridged and brectated One beterg,,ble Fig e 14 (da ad

94 hor



-n Sptember 19S9 (day 2-72)

.weiss5 o I oLnwnly ridged r c& y rot 669.OYS.or4o.,sW
lceis6O-90cM wihI0-20€m ofmow. Little vi4bibe ra.Fdloing ead. Fw .-yzrice is 10-20
c and very rdged.

-rinedipancales in lead on 27 September

Figure 13 Folowmig lead on 29 September

1940 hours

66 10 48' S. 060 44 36 W
Concentration is 80% Ice is SO ttn to I in thick Snow i compact and between 40-60 cm

30 September 1989 (da3 273)

0954 hours

- -" 65' 59.88'S,04
° 
54 78'W- ' ... Ice cov. nrooson is 60% thi.k iLe AI leads have 2 10 Oin oft ev, th 10% open puaihes Thicker

/
-
.,", , fle..ar' :0 tin to I in iith 20-30 cn o- ,now IO-Z0§s ridging lave been following leads

'; A,' - '/ .-

. " ' , -

iih tidgedeue on '7Septembey ia

a, ,, .. ... .

ci% 2(t-
3
Ocw thick and thr ice is 60-70cm New first-year ' a., -L

rimilc Figurr 14 Lead iied neai ea oen /Seprrwh

4/



1252 hours 2 October 19S9 (day 275)

650 520S S, 04 2024W 1251 hours

Visbiltypoor catsoffogand b~cingow. ce tickness rages frnm6cmto Im. Snow is $n0
20-40cm aod is compact. Small lead visible from ship. otherwise ro open water. 650 02A4S S.-1 46Al9 B c I

90
0
k concentration Thick ice of 50-"0 cm u ith 30 cm snow Thie

17)h uors at the lxrtoni Pancake ice in leads. Two bergs visible.

65n4SA35S.03*32.151VWddoa oC-"

I October 1989 (day 274) ~~~- .

1033 Aiours _

6524.7S. 0 14 69W _30 .

AYJo. _.r.ntaiiii.4ii Thin first-year i~x of 10- 20 i.m Snosw As 1-5 Lot thit. Light ridging in orcei

Figure 17 Pancake ice in lead on 2 oe

-~~~5 -* '50523' S, 02' 377 WE

t~0~ ~65' 21 29' S. 02' 13 55E

Figure 15 Tin fai: ->rarite and leads ansI Octabei 1999 90,osonsetrotion YOssg 1W between 30-40,111with0-5,i,

1630 Ii's's visible

65' 16 OT2500' 357 1W
rl'olo sing leads 70i e concentration Tesor more bergs visible. Thin fiat- year ice sf5 30em n
%viili 2-Scmn snow Some minor ridging.

Figsie 16 In, bergs visible is area ol October FiicIS Bre(,,,c~l 2ind~ 0,( es



2 October 1989 (day 275)

1251 hours
snow. Ice thickness ranges from 60 cm to I mn. Snow is
-le from ship, other"wise no open water. 650 02 45SS 02* 46.19'E

90% concentration Thick ice of 50-90 cm with 30 cm snow. Thicker ice has a 10-cmn algal layer
at the bottom. Pancake ice in leads Two bet-gs visible

11.~ il 30S-'C' -in thIJk 11n I'o f)- ' ~ ~ ~ 5' 5 -

-20 4.m Snow is 1-5 cm thick Light ridging in area

Figure 17 Pancake ice iii leadear2Ocoe

- - 1325 hours

-65 05 23S, 02 37 79E
- 60% conceraion Following leads

- - ~- -1525 hours

65' 21 29'S 02' 13 55E
io i, eand leads en 1 October 198 90% concentration loung sce between 30-40scm with 0-5cmn snow Vriy beecciated Four bcigs

visible

,n o- mere bergs visible This first-year ice of 5-30cm

--- 7;

gs sibl snoart-a 4401 Ocrtober Fts se-e 18 Brecatcd td ne oen 2 October



7 1845 hours 0~

650 26.995S.01*539 WE
95% Lon~entration Heavily ridgedareas ke IN .ipprOXonjtel) 60-70 Lo with 5-10 Lot snows Ten
bergs visible ~~0

3 October 1989 (day 276)

0930 hours

660 18 99'S, 00* 1767'W
Heading 217
85% concentration Mostly thin, new ice of 5-10 cm with I cm snow TDicker ice is brecciated eot
(approximately 30%) Fonr icebergs visible Fgr 0Tifrtya c ihetnn igi:l

1430 hours

66* 05SS,02* 02 0WW -

Heading 336
1'! 111!!1 Jil il10 1it90% concentration Thick ice of 60-80 Lin isith 410 -50 LI si o
I': Vii with 10 cm snow More algac visibt uic than scLL In fil Id

leads

Si ictobe, t't81)da -81Ii t Ic

3~6 11 hI2 l, 0' 0- ')4

F 2o~* . ~ ..~ \) Headingl24

Of 1 nr Loto 1 111-0 Lili ir5 Li iii,,

* 0-

J'.gie 19 rhin,nen ieouuioundedby oldei, bhiriaiedi-r on3 Osiobei )c "s n

1740 hours

660 335, SY.0' 52 98 W

10i nioisi, ,iozbihiy pouit loi dapiLAonJsi i t laolih hijo hsii guiii6 itiiiowgh Uptsn 0 dti 50 v5-Irt ~
shin i1- Now in 1- 30-ho Lon *til 5 sot 000w Sonic iidging mnd luads viiW

4 October 1989 (day 277) - .-

0750 hours ' ~7s
66- 31 68'S 8,01 54 13' W
Heading 346
95% concentration Young ftrst-)ecr ice of 30-40 cm with 2-5 cm snow Approximately 30%
ridged One berg visible Figure 21 Large, iahiihsr iibergo Iw

6



1,1appcsoimaiicly 6G-70 cm with 5-10cm snow Ten 0- -5-

eof 5-10 cm with I cmr snow. Thicker ice is breccisted

;bl) igore 20 hon first-sear ice wth estensur ridging on 4 October

24;0 hoyo-,

660 05 82 S. 02 W 0
Heading 336

5' 0~~~~~0% cotoation Tikeeo60O iiwt4 5Juslo Thirn t..i c.ds of 30-40'mo
utith 10 cm snow. Mote digatc visiblc h,,e itii, 5500 to ihc list swpltt. da 

4
ys Some pait~akos in

v lends

~0 '0 S Oclsihor 1989 (day 278) 1630 hours

c~65 4' A 5
0 

2'S, 02*
0

794'W

. .. . . . .. .80 con-oit-sui. Thick. tidgcd tiossol1 Zo-il ut thiot1 -io. oonnJd by ilit, I-

of I-2 ens m to 1 Gcns with 5 cii snow

1<w

N.0 'oh" t .s~:~~

k- w,, s

sot 30-40 cm with 2-5 cm snow Approximately 30%
1, are .1t L%. -,'t tauv iebserg on October

6



6 October 1989 (day 279) 1945 hours

0830 hours 660 05.20' S, 020 35 49 W
No visible changes

650 42 47'S, 01 57.42' W
Heading 135 8 10 October 1989 (day 283)

100% concentration Ice is 40 cm to in with 10-30 cm snow Approximately 60% is ridged or Ith

brecciated 0900 hours

1100 hours 660 11.39- S, 020 49 78' W

Overcast Leads appear to be closing somewhat, but difficult to judgi

650 46' S, 01' 50' W
Arrive at mesopolygon 2100 hours

7 October 1989 (day 280) 66o 14 03 S, 02' 57 91'W
Crack from bow to lead on starboard side opened at noon Everything f

opening that are not visible because of thick snow Crack opened from
0900 hours the way to the lead behind the ship

65o 52 01'S, OP 51 5'W 11 October 1989 (day 284)

Heading 153
Foggy, no horizon, visibility bad

0815 hours

1617 hiours
660 16 96' S, 03o 03 13W

65' 56 88'S, 01 o50 60'W Crack from bow to lead on starboard side is larger (approximately 20

Heading 1566 causing it torefreeze Ice floe startingtocloseupCTDhole May have

Oin station since 1030 Large cracks and leads opening up port and starboard Largc lead from stem

around port side

8 October 1989 iday 281 1440 hours -77

660 04 02' S, 02o 0245' W
Fulbgy. , indy \,ibilhity .ely poi Cannot see lead%

9 October 1989 (day 282)

0830 hoars

65' 59 85'S, 02' 28 45' W
Sim i ovei, unny Jay L.ads umiuunding ohip btweci I and I 9 ki n'

,o

figure 23 Leads surr unding ship on 11 It

1930 hours

66'21 11' S,03' 28 84'W
No visible changes

12 October 1989 (da) 285)

0820 hours

66' 14 28' S, 03' 55 09 W
Visibility poor Ship hay mooed 20 m Iroto last night ,e broken u,

Floi e 22 Mesopulgon ater storm on 9 Octobei Alons leads had open ld up wt ound the ohip drilted in \X'lt be dilliult t wlk son i, U



1945 hours

66o 05 20 S, 020 35.49' W
No visible changes

10 October 1989 (day 283)

sit 10-30 cm snow. Approximately 60% as ridged or
0900 hours

d 660 11 3V S, 020 49.78'WV

dgd Overcast. Leads appear to be closing somewhat, but difficult to judge after snowfall last night,

2 100 hours

660 140 OS, 02. 57 9 1W
fl Crack from bow to lead on starboard side opened at noon Everyting flooding and very wet Cracks

Anl opening that are not visible because of thick snow. Crack opened from stem of sh ip on pert side allI

the way to the lead behind the ship

11 October 1989 (day 284)

0815 hours

660 16 96'S,03' 03 13W
!0 1,Crack from bow to lead on starboard side is larger (approximately 20 mn wide) Snow blowiug in is

'us caasingrttnrufreeze Ice flue staring to close up CTDbhole May have to move ship Visibility poor.

Ois opening up part and staxboard, Large lead from stem

F ~-v

I~~ -d 1-.k

Figure 23 Leads susrrounings ship oni 11 October

1930 hours

66' 21 1lI'S, 03' 28 84'W

No sisible changes

12 October 1989 day 285)

0820 hours

66- 14 28' S, 03' 55 09'W
'I Vi"iiiypo Ship has msoved 20 isa fromi la~i night Ice broken up arond ship Everything has

1cN sober 'Van> leads hod opened up around the ship drified in Will be difficult in work con ice



1545 hours 14 October 1989 (day 287)

660 10.75'S, 040 03 06'W 0845 hours

Visibilityhas improved. Moreopen wateraound usthanbeforethestorn. Leadsundrckcovered
with snow and impossible to distinguish from thick ice. All ice is mote flooded than yesterday. 650 56 13Y'S. 04' 12 98-W

Sunny day. Ice condittons did not change much over night Six

Figio e 24. Fi o;cnjootprrints in slush], oin flooding ofte ainjfne on 12 Cuober,

Figare 26. Sce icebergs wit sight of the shipn

2053 hours

4 ~ot'~5650 52.4S 040 18.89W

~'~4 Heading 149.4.
No visible changes.

M;C ' 15 October 1989 (day 288)

'0 " 0815 hours

2 ~65* 49.38'S,.04* 19,17W
Clear with low grout 'fog, Somc ew uiCs LincJ thu icc, unk

~" stem and around port stdc, approximaterly 0,5 to I kni hom t

.11,. .. 1840 hours

65' 44.28'S, 04' 16 54'W
Heading 147.3,

Figuie 2.5. Leads coveted nuh snow, iuistinguttableetom 4stiounding ice on 12 Ocrrobei. I~ odtoshicntL~i 6 J~O,.'i i.J-i .. 0

13 October 1989 (day 286) 16 October 1989 (day 289)

0820/roars 0830 hours

66* 04.7 1' S,.04' 11,89W 65* 35.98S,04' 18377 W
Heading 146 1, Heading 146.8.

Bright sunny day. Lead on pot si of ship has cloned op. TI

Wind hais dropped and breaku~p seems, to hdsss. stoppedi theship.Stacboard sideofship his foji patthti.f opeis nvate, a
from 0 5-1.5 kmn in nize.

1858 hours
1730 hours

66-00.3TS040 12.16'W
Not much change since this morning. Icu and snow hardening op. Snow bridges over cracks. 650 31.65'S5, 04~ 0' W V
Difficult to deteirmine %hat's what. No change in ice conditions since thts maning

8



IJ0*&Cb~q f&M 1~i 7

-,-7

2053 hurs

65* 51-V S. 04' IS89V W
R~eading- 149A4,
tN %isible chao-em

1 October 19S9 fda % MP8

0815 hours

1C 65*49.38gS.041 19A W
Clear %ithis goaound fog S.-,~r - 1 .- l k toob,
slem and around port Mdc. appi-ri.i. oi ii t.,aih hip

1840 hours

-65' 44.28S,04'16 54'W
IHeadhng 147 3

...... Iho' slo-u&n it oon 12October Iceconditions has, *oihaa,... *.. i- i i.j & l

16 October 19S9 (dat 2891

0830 hours

65' 35.98S,04o' 1877 WA
Heading 146 8
Bright sonny day Lead on rn .31 ,I hip l-, J, d u, Petec ~ov L Lqtc 1-d bchind

4 [b~~te ship Strboard sideofship h r to j i I I[ n i 'all -iPj~rr,akid) v 4 manayuiat range
from0 5- 11kin in we~

Mil1 hours

Il-ds.. up Sn-s bridgcs or crack. 65' 3165'S 04' 1S1 M W
No hangei e rindil' 0.



17 O r Ismildm3W3l,2wGrS&~ 19 OdC&C IS9 Id*t M-)

64a 44J6 S.03 30.Il 'Af~ c oe i~i rarm~v~m IkA--m

=i6 A;'x. -im.g6 l~m~k

i-' Lt tv go I.m h5 Cma- ,-

Figure -7 Frozen pords on horriuon 17October ._ __

1$ October 19S9 (da291

art), hours

Headier. 142.6.

ice c-ndam lxed irged tle sinr e srda). Crock from jjxboad gooniert.. Iopened hxi,29h rrru.o d70 ~
aaim Ponds rcfreenT.F-2 

-mnrw fK

15JR)hours20 October 1989 (dai, 293)

1300 hours
65 25.59WS. 03145.32Z I
Left mesorolygon a, 1330 beruse the Polarsrer broke up the floe . hen site left. I001kconcen- 63' 16.91Y S. 06' 25.66 W .t

ridging covrng 3pproxinately 20% of the area exists Two bergs sisible A ri ta) er of fraZil-no pancakes visible

-St z. -

Fu R 2~-'Acn 1(c and track lerrhi the Polarstcm /A tOit,.he Fuio cI , ri r



19 October 199 (dy , -2

1230 Irs'
AMn site hbs;dSSt1y. tedswsnnmhetord 641365.03 C13 ~W
r no freizco. =a 2m3

Foy. risibMity poor. 100% erca xi , e isawix ly 50-SOcti with 10-30 cm snow.

-. 1to- rid,-=-- Linkcalpe visble

j 6$'301S7S,0Y'53.2E IV
lHlan 32-9.9.
70% t. n.nrr .te t. 10-50cm ah 5-tO m -no. lt a appro.unacl) 4M nd'ed. Tue

aerday. Crack from starboard to outer lead has opened Figure 29 Ice concentration of 70% on 19 October

20 October 1989 (da% 293)

1300 hours

arstern broke up the floe rbhen she left isibconle 63' 16 90! S. 06* 2 66 W

- .. ~ov 1 , zfrz~nlcd f -| lel) 801 conc'n|,ation Ite is approxinmateiy 30--40tm with 0-5 cm snow Leads Are about 50% ol area
e area exisms Two bergs visile with layer of frazil-no pancakes visible

h,, tb te Polar,,ern 1 , , ,:- Figure 30 ;htp jallo ing refroen lead on 20 October



2050 hours, 23 October 19S9 (day 296)

62'53.WSS. 07' HAY4W 0712 hours
Heading 346.
Snw . visibili) poor. 10% conicenftation. Hardest ice ween in the lamneodays. Ice i4O3-oicmi 59' 32.g0 S. 130 16 6Y W 51105
with 5-10cin snow. Heading 325.

507osconcentration. All broken up floes in the remaining area ame
21 October 1989 (d2) 2-94) from 20-100 cm. Dark algal bands in msnot ice.

1005 hours 0727 hours

62'064 S. OS'56.36 W More surface algae. Ice rotten at snow/ice inteiface and is ser)
Heading 3M0
70%concentsiion Reoosing large leads. 5% pancakes in leads. Thick ice is 50-100cm with 10-5c
30 em snowo.

2013 L~our;

61 *26.35'S. 10' 1232"W
Heading 345. nac
85% concentration.L1cads h3seapproximately I emt frazl-no pancakes. Ice is betwoeen 20-3Ocotmiae
with 5 emn snow

221 October 1989 (da3 295)

0820 hours

6)' 47.30 S. 1103215W
Heading 340. i
J1 brown L..,kI tfnoogh i I- 111L ho.hotso hill Wo Ihi, ILI Un Affms Mso Ihrrc 6s ,lejir layer of ts xis

below the algal layer ~'
1330 hours

60' 22 85'S, I P3884'W
[leading 39 2
505_,,,csoiIIr,,ion uolo~~lasoocouvocn iss as bnios 70-100 om with 20 m of son

58'0962 Sf 5' 28 78'W
Heading 283
I'l oLunso.'ton IL~ iso n biaLo pooILL- Bafold IL iso. lou,,

1( ,24 October 1989 (day~ 2971

1030 hours

58- 04 7Y S, 22- 57 42'W
Heading 267 5

5% conccorration

Figure .1/ Algal lai at oil c i~ooe Int~erface on 22 Oorobe, Too many bergs to count (onorc thaon 200)

10



23 October 1989 (da) 296)f"

071? hours

ituon. fardest ice seet in thelast two days. lce js,1O-5 cmt 58' 32.80' S, 13- 16.65- W
Heading 325.
50% concentration. All broken up floes in the renmning area are pancake ice. Range of thickness
from 20-100cut Dank algal bands in inns ic

077hours

More surface algae. Ire rotten at snou/ice Interface and is very dark.

5Ao % pancakes in leads Thick ice is50-100 cunwith 10-

LaeyIcut fraril-no pancakes. Ice is between 20-30 cm

IL rewesSO mt 0 mwith3Ocrnofsnow Alos

4 h IL T II IL 11u 11 Jds IdyUI Of ILL.

hl1-CelIe beween 70- 10cm with 20 cuofsnow.

Figs, e 32 Getting t lose to ice edlge os 23 0 robei Fives at, btoken uip into sallei piee ui
pancake ice in between

Oo ... f...1714 hours

580 09.62'S. 150 28 78 XW
y Heading 283

3% concentration ILe in broken pieces Bans of i~e follownig sursisce wavses

* 0 24 Octoher 1989 (day 297)

1030 hours

580 04 73'S, 220 57 42'WX
Herading 267 5

* 5% concentration

________1056 hours

wo e Interface on 22 October Too many bergs to coast (tmore than 200)

10U
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5V r A9S 45 4WS 3W ,2,O-

Figut 33 le i/c e ith i~eder- in 24 o be\ r FgieS 6 heeer.ea u sr e 2
4
0,f'(Or

1702 now 1730 houa

W8r0339S 5 4
0

1W Panak 0field,&5

Mor n~iiit ofe la r floe od eeia terahexr looksg Itough 1so g a re. ouaio ofee l
ahead~

~k/t L



R

00 ucheMgs in area on 24 Oceobc Figure 35 Brecciated area on 24 October

1730 hours 173

58' 03 02'S, 25' 08 59 W

,so IW'r Mtostly older ice and ice breccia Incredible Swells bititli Pancakes mixed with breccia and small floes Olie

t. sei loo.Xs brownm areoas

1732 hours

Pancake fields
jhxsd Going through large berg population now, fewer



25 October 1989 (day 298)

0816 hours

"~t 7' 58- 41 0S,32 40 23W

't4 One iceberg, 0% ice concentration

' s-a t~g,- ,0839 hours

-, -~ 4S"'--One vry large, tabular iceberg-10 kin long and 30-35 in high

"-'~'~-'-' "~'3'e1718 hours

'-s$r- 59'01093 S, 37' 12 98'W
S Heading 2583
'a No bergs No ice

Figure 37 Pancakes at ce edge on 24 October

171 3ho irs

,8' 03 Os'S. 25' 09 66' W
Open water

26 October 1989 (day 299) 1210 boors

590 10 86' S, 44* 37 45'W
N V7,14Heading 250 9

No ice

-to-e3 ceege 4Ocoe

A-2



SOVIET ICE MAPS

The tollowing section, provided by the Soviet ice scientists. is a cootinuous niap of the Ice conditions encountered doting the cruise -\ lcgcn

defining the symbols is provided ats a foldout at the end 01 the section Symbols define ice concentiatton, ice thickness characteiisiics .ir, c!

developmental stage of ice growth (t

Legend on page 45. ige

WWGP 89

3Qn 2O*10

0 0

0 0

o0 o ,~

FEDOROV 020*

P igui e'49 Fedois s ship vac roe solid hne eju usenI3 the isuk . the F-edcurs ILD asis stineid at 56 '5311 olt~ ie tosppedl iaking d~va ,1 5
Eat hi dot tepresenis ai CT!) cast owl in miosi cases an ice stationi



'section, provided by the Soviet ic scientists, is at coniinUOiLS map of the ice conditions encountered during the cruise A legend
)iobols is provided as a foldaat at the end of the sectian Symbols define ice concentration, ice thickness characteristics and
I stage of ice growth

ige 45.
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Note Arrows on ship track show travel direction -

30

f6 t _9

0At

Scc ors

Figure 40 17 September ice map
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SATELLITE PHOTOGRAPHS
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R -r]21 Setme satllteShoo,43T31S 4031V
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Figure 123. 15 September satelite photo, 48
0

30S5 42459W.
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Figure 124. 16 September satellite photo, 53 *59'S 39*541W.
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Figure 12S. 17 Sepiember~atellite photo, S7*19'S 371241V
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Figure' 126.18 September satellite photo, 59*06S 35
0
521W,
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Figure 127. 19 September satellite photo, 60*59'S 33036W,
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Figure 128,2 OSeptembersatellue photo. 620W95 31 0271.



Figure 129,2! September 4atellte photo.63036S 28
040WV



Figure 130.22 September satellite photo, 65
0
09S 25

0
511Y.
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Figure131. 23 September satellite photo, 660 19'S 23
0
22WY.
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Figure 132. 24Sepiembersalellilephoto 67*22W 21*191W
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Figure 133. 25 Seprembersafellstepholo 670523 18o47V.
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Figure 134. 26 Seplcmbersarell::e photo. 67*34S l6*3O1V.
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Figure 136. 28 September satelite photo, 66052S 10040W.
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Figure 137.29 September satellite photo, 66*2O 7*471W.
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Figure 13 Sepienzber satellte photo, 65 52'S 4*211W
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Figure 139 1 October satellite photo 65 21'S 0058W
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Figure 140.2 October satellite photo, 65000'S 300023.
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Figure 141.3 October satellite photo, 66
0
2lS 0

0
251W.
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Figure 142. 4 October satellite photo, 66007'S 2*02W.



22.

Figure 143, 5 October satellite photo. W459S 10u581V,
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Figure 144.6 October satellite photo, 65 ~44 S 10S1'IV.
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Figure 145 7 October satellite photo. 650525 1 
0

52W.
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Figure 147.9 October so, ellitephoto. 66*01 S 21321.
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Figure 148.10 October satellite photo, 660 I " 250*IV.
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Figure 149. 11 October saellte piwo.o 660 17'S 310 5SW.
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Figure ISO. 12 October satellite photo. 66u 14'S 3*571W.
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Figure 151. 13 October satellitephoto, 65
0
05'S 4*121V

130



kI

Figure 152.14 October satellite photo, 65'56'S 41141V
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Figure 153.15 October satellite photo, 65 *48'S 4* 201Y.
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Figure 154 16 October satellite photo, 65'37S 4t 19W
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Figure 155.17 October sat elf ite photo, 65 23S 4*091V.
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Figure 156. 18 October satellite photo, 65 u22.S 40071IV,



Figure 157.19 Ociobersatelidepho o 64'4$S 31001Y.
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Figure 158, 20 Ociobersatellite photo, 63 049S 50281V.
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Figure 162.24 October sateIlitephoto, 58*06'S 22*361.
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Fiurwe 16.5October saielie phoio,58*49S 33*57WV
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Figure 165.27 October satellite photo. 60023S S41 5V
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WEEKLY ICE FX7T&ENT MAPS
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Figure 166. 3 to 9 August 19g9 ice extent.
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Figure 168 17 to.30 August 1989 ice extent.
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Figure 171.14 to 20 September 1989 ice extent.
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Figure 172. 21 to 27 September 1989 ice extent,
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Figure 175.19 to 25 October 1989 ice extent
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Figure 176. 26 October to)I November 1989 ice extent.
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